Analysis of human sodium/iodide symporter, thyroid transcription factor-1, and paired-box-protein-8 gene expression in benign thyroid diseases.
The ability to concentrate iodide, a fundamental property of normally functioning thyroid tissue, is altered in various thyroid diseases. Given the critical role of the Na+/I- symporter (NIS) in controlling iodide access to the thyroid gland, altered expression of NIS may be responsible, at least in part, for an enhanced or diminished capacity to concentrate iodide. In this study, we used Northern blot analysis, a newly established quantitative polymerase chain reaction (PCR) assay and in addition hNIS-directed immunohistochemical analysis to assess the levels of hNIS mRNA and protein expression in various localized and diffuse benign thyroid abnormalities, including Graves' disease (GD), scintigraphically cold solitary benign thyroid nodule (CBTN), nontoxic multinodular goiter (NMNG), solitary autonomously functioning thyroid nodule (AFTN), and mild diffuse iodine deficiency goiter (IDG). In addition, in view of the recent identification of putative binding sites for the transcription factors thyroid transcription factor-1 (TTF-1) and human paired-box-protein-8 (Pax-8) in the human NIS gene promoter, we used reverse transcriptase-polymerase chain reaction (RT-PCR) to assess in these same samples the levels of TTF-1 and Pax-8 gene expression. Northern blot analysis revealed high levels of hNIS gene expression in thyroid specimens derived from patients with GD and AFTN. In contrast, levels of hNIS mRNA expression were moderate in NMNG, low in diffuse IDG, and very low in CBTN. Quantitative RT-PCR analysis of hNIS mRNA transcripts revealed variable but generally low levels of hNIS gene expression in IDG and NMNG, and undetectable or very low levels of hNIS mRNA in all scintigraphically CBTN studied. In contrast, markedly elevated levels of hNIS mRNA transcripts were detected in active GD (up to 17-fold) and AFTN (up to 25-fold). Immunohistochemical analysis revealed abundant hNIS protein expression by thyroid follicular cells in GD, moderate and heterogeneous levels in NMNG, and very low levels in CBTN. hNIS mRNA levels were correlated with TTF-1 and Pax-8 gene expression in GD and, to a lesser degree, in AFTN, NMNG, and IDG, but not in CBTN. In general, hNIS gene expression was more closely correlated with TTF-1 as compared to Pax-8 gene expression. In conclusion, the abundance of hNIS mRNA and protein expression in a broad range of benign thyroid pathologies correlated well with their functional state as assessed by thyroid scintigraphy. In addition to TTF-1 and Pax-8, other transcription factors and enhancer elements may contribute to regulation of NIS gene promoter activity.